Objective: Characterize complications following uvulopalatopharyngoplasty (UPPP) for obstructive sleep apnea.
Introduction
Obstructive sleep apnea (OSA) affects 9% of males and 3% of females between the ages of 30 and 60 in the United States [1] . Untreated OSA can result in daytime hypersomnolence, hypertension, and in severe cases, cardiopulmonary failure, motor vehicle accidents, and death. Uvulopalatopharyngoplasty (UPPP) is one of the most commonly performed surgical treatments for OSA in adults, and can be combined with nasal or tongue-base procedures to give the patient a true multi-level correction. Early studies regarding UPPP outcomes demonstrated a high rate of peri-and post-operative morbidity and mortality secondary to failed intubations, arrhythmias secondary to severe apnea, hemorrhage, or upper airway obstruction, and therefore recommended post-operative monitoring in an intensive care setting [2, 3] . However, as UPPP has evolved it has become far safer and less morbid. Unlike early cases, tracheotomies are now rarely done in conjunction with UPPPs. Further several studies have shown that overnight monitoring in a step-down unit is a safe alternative to intensive care unit (ICU) monitoring [4] [5] [6] . As a result, most institutions currently monitor patients for 24 hours overnight in a step-down unit prior to discharge, and do not routine admit patients to the ICU.
More recently, studies have argued that in selected patients UPPP can be performed as an outpatient surgery [6] [7] [8] [9] [10] . These studies have consistently shown that complications rates are low, that more severe complications tend to occur while still in recovery room, and no postoperative mortality. However, these studies consisted of a limited number of patients and highly variable length of postoperative follow-up. Given the low incidence of serious complications, it is difficult to estimate complication rates accurately with small studies. Also, respiratory complications may be underestimated as in most studies postoperative oxygen supplementation was routinely given to patients -this was not independently reviewed in previous studies. In addition, direct comparisons of inpatient versus outpatient UPPP procedures is lacking in the literature.
We, therefore, performed a 5-year retrospective review of all adults undergoing inpatient and outpatient UPPP to (1) assess the complication rates and compare with those previously published in the literature, (2) compare complication rates between outpatient and inpatient UPPP, (3), identify preoperative characteristics associated with the development of later complications, (4) and to present recommendations for the postoperative management of UPPP patients.
Methods
A retrospective review was performed of all patients undergoing UPPP (with or without septoplasty) between 1999 and 2005 at St. Joseph's Health Care in London, Ontario, Canada. The research ethics board at the University of Western Ontario approved the study. A specially trained medical student, using direct entry to an electronic database, performed data abstraction. Abstraction of the first 20 patients was supervised by two of the senior authors to help ensure accuracy of the data. Preoperative polysomnography records, preoperative clinic notes, anesthesia records, post-anesthesia care unit (PACU) records, and ward records were reviewed. From these sources, apnea-hypopnea index (AHI), patent demographics, medical history, surgical procedure, ease of intubation, perioperative inhalation agents, muscle relaxants, and narcotics, postoperative narcotic use, oxyhemoglobin saturation, blood pressure, time of surgery and discharge, and all complications were recorded. All available co-morbidity data were obtained and divided into hypertension, hypercholesterolemia, cardiac, diabetes, and other. Patients with severe OSA-related comorbidities (such as cor-pumonale) were not included in the study, as their mandatorily higher level of post-operative care would have biased the results.
As over the study time period 10 different surgeon's records were assessed to capture the largest number of patients undergoing UPPP, we allowed cases to be recorded only if the UPPP was a standard Fujita type UPPP (with or without tonsillectomy) performed with cautery. Laser-assisted cases, or cases done without cautery, being few and far between, were excluded. Only cases undergoing UPPP +/− nasal surgery were included in the study; patients undergoing any type of tongue base surgery had their records excluded.
We defined "early post-operative complication" as any complication occurring within the first two weeks after surgery. Data was not collected for problems after that time point. A surgical complication was intentionally very broadly defined as any untoward event occurring during anesthesia, surgery, or within the postoperative stay in hospital that may or may not have required active medical intervention. Such a broad definition was used so as to be able to capture all perioperative events. Complications were obtained from progress notes, nurse notes, discharge forms, surgeons' clinic notes and hospital records.
Oxyhemoglobin desaturation was defined as oxyhemoglobin saturation less than 88% while the patient was asleep or awake. Of note, patients did not routinely receive post-operative CPAP therapy. Inpatients were monitored in the PACU for 2-3 hours and then moved to the inpatient ward. Outpatients were monitored in the PACU for 2-3 hours and then moved to the day surgery ward for 2-3 hours prior to discharge from hospital.
Comparisons of means between groups were done using unpaired Student's t-test for variables with Gaussian distribution, and Mann-Whitney for non-Gaussian variables (AHI) based on the Shapiro-Wilks' test. The presence or absence of risk factors between groups was compared by χ 2 analysis. To determine the accuracy of parameters in predicting outcomes, odds ratios were calculated using SPSS (SPSS statistical package version 14.0; SPSS, Inc., Chicago, IL). Due to the remote nature and level of documentation available for some of the surgeons or cases, a subgroup analysis by surgeon (which would have been ideal) could not be performed. Thus the study sample was only analyzed as a whole.
Results

Demographics
A total of 345 patients treated by 10 different surgeons met the study criteria. Pre-operative AHI values were not available for 72 patients (20.9%) and therefore these patients' data were not included in any analysis involving AHI values. Thirty-four (47.2%) of these patients without preoperative AHI values were inpatients while the remaining 38 (52.8%) were outpatients. The patient population consisted of 295 males and 50 females with a mean age of 35.7 (range, 15 to 59; standard deviation [SD] = 9.1), a mean apnea hypopnea index (AHI) of 32.8 (range, 2 to 128; SD = 24.3), and a mean body mass index (BMI) of 30.4 kg/m 2 (range, 18.7 to 56.6 kg/m 2 ; SD = 8.4). A total of 248 of these patients were monitored overnight in the ward while 97 patients were discharged on the same day of their surgery. Outpatients had a lower mean age (outpatients: 33.2; inpatients: 36.8; p=0.001; 95% CI = 4.8 to 18.7) and had a significantly lower AHI (outpatients: 23.6; inpatients: 35.3; p=0.001; 95% CI = 1.5 to 5.8). No significant differences were found between groups with respect to the presence of co-morbidities (Table 1) . Surgical procedures that were performed simultaneously with UPPPs were septoplasty, inferior turbinate reduction, and polypectomy. The number of these procedures was not significantly different in the inpatient and outpatient groups. In addition, no statistical difference was found between complication and noncomplication groups when all surgical procedures were analyzed as independent risk factors ( Table 2) .
Complications
No deaths occurred within the two-week postoperative period during which data was collected for the study. The incidence of all postoperative complications (major and minor) was 28.1% (n=97). The total complication rate in the inpatient group (31.3%) was significantly higher (p=0.04) than that of the outpatient group (20.6%). When only comparing PACU complications, no significant difference (p=0.09) was found for total complications in the inpatient (30.3%) and outpatient (20.3%) groups.
Major complications occurred in 3 inpatients and all occurred within 2 hours post-surgery. One patient suffered laryngospasm during extubation and required bagmask ventilation. This patient subsequently developed pulmonary edema that was treated with supplemental oxygen and diuresis. Two other patients developed sinus bradycardia and were monitored, but it resolved spontaneously without treatment. None of these complications were thought to be directly related to the patient's OSA.
The most common minor complication after surgery was oxyhemoglobin desaturation at an incidence of 12.8% (n=44). The desaturation rate of the inpatient group (15.7%) was significantly higher (p=0.008) than that of the outpatient group (5.2%). When comparing oxyhemoglobin desaturation rates only occurring in the PACU (and not on the ward), there was no significant difference in the inpatient (6.0%) and outpatient (4.1%) groups (p=0.5). The incidence of oxyhemoglobin desaturations was not related to the incidence of co-morbidities in these categories. The majority of these complications occurred when oxygen supplementation was discontinued to determine oxyhemoglobin saturation on room air. All oxyhemoglobin desaturations in the outpatient group occurred in the PACU. It was also noted that of the 80 inpatients who were able to maintain oxyhemoglobin saturation >88% on room air in the PACU, only 8.75% subsequently suffered a desaturation on the ward. These oxyhemoglobin desaturation complications occurred during sleep and were treated with supplemental oxygen.
Bleeding of any sort (nasal or pharyngeal) occurred in 15 (4.3%) patients. The rates in the inpatient group (5.1%) did not differ significantly (p=0.48) than that of the outpatient group (3.2%). All bleeding complications in the outpatient groups occurred at least 3 days after discharge and were treated with cautery, packing, or an admission to the hospital for monitoring. Seven of the twelve inpatients with hemorrhagic complications occurred after discharge from hospital (>24 hours post-surgery). Three inpatients required operative intervention to control post-tonsillectomy bleeding.
Seven patients (2%) returned to the hospital >24 h post-discharge for uncontrolled pain, all of which were treated uneventfully with narcotics for pain control, and none suffered any adverse respiratory outcome from this. Other complications included 2 cases of severe nausea post-discharge requiring hospital admission for intravenous fluids, and 3 cases of post-discharge infection requiring admission (2 patients) or oral antibiotics (1 patient).
Identifying risk factors
A comparison of patient groups with and without complications showed no statistical differences with respect to age, sex, BMI, AHI, or the presence of co-morbidities. Statistically significant differences were noted, however, between those patients who suffered post-PACU complications compared to those who did not. Patients with post-PACU complications had a higher incidence of any co-morbid illness (p=0.03) and multiple comorbidities (p=0.02) ( Table 3) . No single co-morbidity was independently significant on its own. To identify risk factors associated with the development of oxyhemoglobin desaturation complications, a subgroup analysis of all inpatients was performed. No significant differences were found between inpatients with and without oxyhemoglobin desaturation complications with respect to all obtained variables. Given that respiratory complication rates were skewed by post-operative oxygen supplementation, a comparison was made of inpatients that were successfully taken off of oxygen supplementation in the PACU without further need for oxygen (n=75) with those who required oxygen on the ward (n=133). When compared to inpatients that required oxygen, those who were taken off of supplemental oxygen had a significantly lower mean AHI (31.44 ± 3.4 vs. 37.39 ± 2.5; p=0.05) and significantly lower mean BMI (28.9 ± 0.5 kg/m 2 vs. 32.3 ± 1.0 kg/m 2 ; p=0.004). To further investigate these risk factors, odds ratios (ORs) were calculated. Patient who had an AHI ≥ 22 were more likely to require oxygen in the PACU (OR = 2.21, 95% CI = 1.166 -4.188), although the duration of oxygen usage was not obtainable from patient records. Patients who were obese (BMI ≥ 30) were also more likely to require oxygen in the PACU (OR = 2.70, 95% CI = 1.48 -4.91). Interestingly, patients who had both an AHI ≥ 22 and a BMI ≥ 30 were even more likely to require oxygen in the PACU (OR = 3.48, 95% CI = 1.56 -7.78).
Discussion
This study represents the largest multi-surgeon series in the literature of patients undergoing UPPP with or without additional procedures as both outpatient and inpatient surgery individually and combined. Ninety-seven patients (28.1%) were discharged on the day of the surgery. Only three patients suffered serious complications, all occurring within two hours of surgery, that could be directly associated to the underlying OSA.
Fairbanks et al [2] . describe 12 anecdotal cases of postoperative mortality secondary to airway obstruction. However, no information is available regarding patient's preoperative health, OSA severity, or postoperative course in that study. Haavisto & Juonpaa [11] describe one case of death immediately after extubation. Kezirian et al [12] . describe 7 deaths in 3130 patients following UPPP, but the causes of death are not described. No other studies report post-operative death secondary to airway complications. Recent studies show no postoperative mortality [5, 7, 8, [13] [14] [15] . This is likely due to increased awareness of risk factors, decreased narcotic use, and perioperative steroid use.
The incidence of all respiratory complications (including laryngospasm and pulmonary edema) in our series was 13.3%; when examining only uncomplicated oxygen desaturations, the incidence was lower at 12.8%. Respiratory complication rates in the literature range from 1.4% [6] to 15.3% [14] . Some authors only include serious respiratory complications such as pneumonia, tracheostomy, or pulmonary edema, and do not consider a simple oxygen desaturation to be a complication. In addition, many centres in previous studies provide their OSA population oxygen supplementation until discharge from hospital as routine care. These factors may explain the variability in the respiratory complication rates stated in previous studies. In our study, all respiratory complications, with the exception of one case of laryngospasm, were that of decreased oxyhemoglobin saturation and were treated with oxygen supplementation. It is questionable however if simple desaturations should actually be considered complications in this population. Patients with OSA have generally been desaturating nightly for years prior to surgery as part of their OSA, and thus it may be invalid to consider post-operative desaturations as causally related to the UPPP as opposed to the underlying disease status. It is also questionable whether routine oxygen administration should be given after OSA surgery to treat desaturations. These topics are significantly understudied in the OSA literature, and merit further investigation.
Comparison of inpatient and outpatient groups showed that outpatients were significantly younger and had a significantly lower mean AHI. This likely represents a selection bias as surgeons may have preferentially selected younger patients with mild OSA for outpatient UPPP. The incidence of total complications and oxyhemoglobin desaturations in the PACU alone were not significantly different between inpatient and outpatient groups. This result suggests that complications in the PACU may not have influenced surgeon's decisions to discharge patients. Our results suggest that the most significant risk factor for the development of post-PACU respiratory complications is the presence of single or multiple comorbidities. Previous studies describe AHI [3, [14] [15] [16] , preoperative LSAT (lowest oxyhemoglobin saturation) [13, 14, 16] , BMI [13] , or no factors [6, 8] related to the incidence of postoperative respiratory complications. This discrepancy likely represents the inaccuracy in determining the rate of respiratory complications due to oxygen supplementation post-operatively. To correct for this factor, we compared patients undergoing UPPP with or without tonsillectomy that permanently stopped oxygen supplementation in the PACU while maintaining an oxyhemoglobin saturation > 88% with those requiring oxygen in the ward. We found that both BMI and AHI were significantly higher in patients requiring supplemental oxygen in the ward. Odds ratio calculations revealed that obese and morbidly obese patients (BMI ≥ 30) who had an AHI ≥ 22 were at significant risk of requiring oxygen supplementation on the ward and may warrant an overnight stay. Our results, therefore, suggests that these AHI and BMI values can be useful for identifying patients who can undergo safe outpatient UPPP surgery. It should be noted that it is likely that many patients received oxygen supplementation on the ward unnecessarily as a trial of oxygen discontinuation was not attempted in the PACU in all patients. This may bias our results.
The decision to discharge postoperative patients varies across surgical centres. Chung et al [17] . devised the post-anesthesia discharge scoring system (PADS) for providing a uniform assessment of all ambulatory surgical patients based on vital signs, pain, ambulation, nausea / vomiting, and bleeding. Specifically, vital signs within 20% of preoperative baseline are generally considered as adequate prior to discharge. All previous studies looking at postoperative sleep studies show no significant change in post-operative AHI, LSAT (lowest oxyhemoglobin saturation), or both in the immediate post-operative setting compared to preoperative levels [8, 18, 19] . In our study, 91.3% of all inpatients who were successfully taken off oxygen supplementation in the PACU did not require further oxygen treatment overnight. This data suggests that the risk of postoperative oxyhemoglobin desaturation in OSA patients is not significantly elevated compared to their preoperative baseline.
There are a few limitations to our study. Being a retrospective study, there is potential for a selection bias. However, we strictly adhered to our inclusion and exclusion criteria. As in previous studies, our respiratory complication rates may have been skewed by postoperative oxygen supplementation. We tried to account for this by recording oxygen use postoperatively and utilizing this data in our analysis. A key variable of lowest oxygen saturation level could not be identified in many of the records, therefore limiting the conclusions that can be drawn from this review. In addition, many patients did not have available preoperative AHI values. It is unclear whether this may have introduced a surgical selection bias. The level of CPAP adherence prior to surgery was not available for many records, especially the remote ones; CPAP adherence pre-operatively can in some cases affect respiratory functioning after surgery, hence this variable could not be accounted for in our study. However, it is known that the overall rate of CPAP adherence is low especially in a study population of patients undergoing surgery, hence we do not feel the lack of this variable will significantly affect the overall findings of this study. Finally, the decision to perform outpatient UPPP patients was generally based on surgeon's preference. Although patients were required to maintain oxyhemoglobin saturation > 88% with pain and nausea controlled on oral medication, some surgeons may have elected to keep patients overnight despite patient factors. This may bias comparisons of outpatient and inpatient UPPP.
Conclusion
Our study suggests that the rate of complications following isolated UPPP is low. All serious complications were detected within 2 to 3 hours of surgery. All bleeding complications following outpatient UPPP occurred at least 3 days post discharge from hospital and, therefore, likely would not have been prevented by 24-hour postoperative monitoring. Our study is the first to demonstrate that once patients are taken off oxygen supplementation in the PACU, they are likely not to require further oxygen supplementation. In addition, our study is the first to identify characteristics (AHI and BMI) associated with the need for oxygen therapy following UPPP.
We suggest that in many cases isolated UPPP can safely be performed as an outpatient procedure. Patients can be discharged from hospital once they are able to maintain adequate oxyhemoglobin saturation on room air in the PACU. Patients with BMI ≥ 30 and/or AHI ≥ 22 are more likely to require oxygen in the post-PACU setting and should be monitored overnight. Future studies can prospectively evaluate whether patients with these risk factors should be monitored in hospital overnight.
In the modern era of multilevel surgery it is recognized that many OSA patients undergoing surgery received not only a UPPP but often pharyngeal or tongue base procedures as well. Our study was limited to patients undergoing UPPP alone, hence we make no comment about complications in the setting of more advanced or multilevel surgery.
